
MONTHLY WEATHER REVIEW. 

The REVIEW for June, 1894, is based on reports from 
3,064 stations occupied by regular and voluntary observers. 
These reports are classified as follows : 148 reports from 
Weather Bureau stations ; 41 reports from U. S. Army post 
surgeons ; 2,059 monthly reports from State weather ser- 
vice and voluntary observers; 84 reports from Canadian 
stations ; 205 reports through the Southern Pacific Railway 
Company; 468 marine reports through the co-operation of 
the Hydrographic Office, Navy Department, and “New York 
Herald Weather Service ;” monthly reports from 36 U. S. 
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Life-Saving stations ; 73 reports from navigators on the Great 
Lakes ; monthly reports from local services established in all 
States and Territories ; and international simultaneous obser- 
vations. Trustworthy newspaper extracts and special reporta 
have also been used. 

The WEATHER REVIEW for this month has been prepared 
under the general editorial supervision of Prof. Cleveland 
Abbe. The statistical tables are furnished by the Division 
of Records and Meteorological Data, in charge of Mr. A. J. 
Henry, acting chief of that division. 

VOL. XXII. 

The most prominent meteorological features of the month 
of June were the absence of extensive and destructive cyclonic 
storms in the United States; the occurrence of the groups 
of violent local storms, many of them having the character- 
istics of tornadoes, on the 27th in Minnesota, South Dakota, 
and Kansas, and the areas of severe thunderstorms on the 20th 
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in Nebraska and Iowa, and the 24th to 2ith, from Missouri to 
Ohio ; the abnormal high average temperatures of the upper 
Lake and North Dakota regions, and the corresponding low 
teniperatures of the middle plateau region ; the large rainfall 
of the middle Rocky Mountain slope, and the large deficiency 
of the upper Mississippi Valley and east Gulf States. 

ATMOSPHERIC PRESSURE. 
[ h a  imhes and h*indredthu.] 

The distribution of mean atmospheric pressure reduced tc 
sea level, as shown by mercurial barometers not reduced t a  
standard gravity and as determined from observations taken 
daily a t  8 a. m. and 8 p. m. (seventy-fifth meridian time), 
during June, 1894, is shown by isobars on. Chart 11. That 
portion of the reduction to standard gravity that depends 
on latitude is shown by the numbers printed on the right- 
hand border. This Chart also gives the so-called resultant 
wind directions for this month, based on the data given in 
Table IX of this REVIEW. 

During the current month of June the pressures a t  sea level 
have been highest on the immediate coast of the south At- 
lantic States, where i t  has averaged 30.10. Pressure has been 
lowest in Aseiniboia and Saskatchewan, 29.76, or less; an 
equivalent area of low pressure has also prevailed a t  the head 
of the Gulf of California. These two regions of low pressure 
represent the trough existing between the high pressures on 
the Atlantic and Pacific oceans. 

The normal distribution of atniospheric pressure and nor- 
mal resultant wind direction for the month of June were 
approximately shown on Chart V of the REVIEW for June, 
1893, as computed by Prof. H. A. Hazen, and are not now 
reproduced. As compared with the normal for June, the 
mean pressure for the current month was in excess throughout 
the greater part of the United States, the maximum excess 

being 0.07 in Arkansas and on the coast of the south Atlantic 
States. The pressure was below the normal in the British 
Possessions and the northern border of the United States. 
The area over which the deficit was 0.05 to 0.08 covered South 
Dakota, northern Montana, Athabasca, and Alberta. 

As compared with the preceding month of May pressure 
had risen throughout the Middle States, Ohio Valley, and 
southward to the Gulf, the maximum rise being 0.10 on the 
coast of North Carolina. Pressure had fallen over the Mis- 
souri Valley, eastern Rocky Mountain slope, and northward 
to British America, the maximum fall being from 0.10 to 
0.18 in Manitoba, North Dakota, Assiniboia, and Athabasca. 

The systematic periodic diurnal variations of pressure are 
DIURNAL VARIATIONS. 

shown by the hourly means given in Table VI. 
AREA8 OF HIGH AND LOW PRESSURE. 

The following sections give some details as to the phe- 
nomena attending the individual areas of high and low pres- 
sure. The storm warnings officially issued either by the 
Weather Bureau through the general forecast official at  Wash- 
ington, or by the respective local forecast officials, are enumer- 
ated in connection with the respective areas of disturbance. 

MOVEMENTS OF CENTERS. 
The following table shows the date and location of the 
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HIQH AREAS. 

Owing to the northerly declination of the sun during the 
month of June, the so-called equatorial belt of calms lies de- 
cidedly north of its position in December and the large areas 
of high pressure, representing parts of the so-called tropical 
belt of high pressure, lie still farther north of their wiuter 
position ; mpreover, them centers over the Pacific and Atlan- 
tic oceans, respectively, are farther apart than in January, 
that is to say, the Pacific area lies farther to the west and the 
Atlantic area farther to the east and, as a consequence, the 
motions of the small areas of high and low pressure that cir- 
culate around these larger areas are slower as they move 
from the Pacific southeastward into the interior of North 
America, and northeastward from that interior toward the 
Atlantic. The troughs and belts of low pressure, both over 
the Rocky Mountain region and British America, are now 
more frequent and persistent than the areas of high pressure, 
still the latter frequently occur, and by their movements and 
temperatures show that some of them represent slowly de- 
mending air that is kept cool by mdiation, while others rep- 
resent rapidly descending air that is warmed by compressioii 
faster than i t  can be cooled by radiation. The low tempera- 
ture is characteristic. of the high areas that, descend from the  

northwest as offshoots from the Pacific high ; the high tam- 
perattire is characteristic of the areas that move up from the 
southeast or southwest as the more rapidly descending por- 
tions of the tropical areas and especially of that over the 
Atlantic. The fact that the North American high areas of 
June and July do not present pressures as high as those that 
occur in January is largely a resultm of the higher summer 
temperature on the land as compared with the ocean, causing 
a withdrawal of the warmer air from the Eastern and Western 
continents a.nd a corresponding rise of pressure over the At- 
la.ntic, the Pacific, and the Arctic regions. 

1.-This was central in Kansas July 1, a. ni., and moved 
southeastward until the 3d, a. m., when it was central in 
Louisiana. 

11.-This was central on the 2d, a. m., in Montana; it 
stretched southward as a ridge connecting with high area No. 
I on the 3d, p. in., hut afterward extended southeastward and 
on the 3d, a. m., was central in North Dakota, after which it 
disappeared. 

111.-This number is given to the high pressure off the 
Pacific coast of California and which occasionally pushes 
eastward over that State. The principal dates of high pres- 
sures on this coast were: 8th, a. m., 30.80, a t  Eureka, with 
cold, light winds, clear weather, and occasional frost8 in Ne- 
vada and California; lSth, a. m., 30.26, a t  Portland, Oreg., 
and 30.34 a t  Eureka, with light winds, clear, cold weather, 
and frosts in Nevada; 20th, a. m., 30.18, a t  Portland, Oreg.; 
234 a. m., 30.19, a t  Portland, Oreg.; 24th, p. m., 30.10, a t  
Eureka; 36th, a. ni., 30.18, at  Portland, Oreg., and 30.14 at  
Roseburg and Eureka ; 96th, p. m., 30.20, a t  Eureka ; 30th, a. 
m., 30.54 a t  Portland, Oreg., and 30.22 a t  Seattle. These dates 
of highest pressure on the Pacific coast represent also dates 
on which areas of low pressure prevailed in the interior of the 
continent and also generally dates on which small areas of 
high pressure detaching themselves froni the larger Pacific 
area hegan to move eastward over the Rocky Mountain region. 

1V.-This appeared on the 4th, a. ni., in Manitoba, and by 
the Eith, a. ni., pressure had increaaed, with northerly winds 
and light frost, in North Dakota. The central highest pres- 
sure moved southwa.rd, and by the 6th, a. m., was central in 
Iowa; 6th, p. ni., in Missouri; 7th, a. m.,.in northern Ar- 
kansas; 7th, p. m., in western Tennessee; after which i t  
moved eastward, and by the 8th, p. m., had joined the At- 
lantic high off the North Carolina coast. This movement, 
therefore, represents in general the same southeastward 
movement of masses of cold, dry air that we are familiar 
with in the winter season; i t  may, in fact, be considered 
either am a part of the horizontal circulation around the trop- 
ical high pressure of the Pacific Ocean or as a part of the 
vertical circulation by reason of which the warm air of the 
torrid zone, after rising and overflowing toward the pole, 
cools and descends slowly, reaches the surface a t  about N. 50° 
and returns as an underflow toward the equator. 

V.-This area began as a high pressure steadily encroach- 
ing on the coast of California until the 8th, a. m., when pres- 
sure was highest in that region. By the 8th, p. m., pressure 
was highest in Nevada; 9th, a. m., in Utah, this being the 
eastern extremity of the high pressure over the Pacific and 
forming a ridge that very nearlyconnected the latter with 
high area No. I V  over the south Atlantic States, but this 
entirely disnppea.red before the loth, a. m., being replaced by 
a general depression from Mexico to British America. 
. VI.-This represents the westward encroachment upon the 

south Atlantic States of the Atlantic area of high pressure. 
On the l l th ,  a,. m., pressure was highest in South Carolina, 
and by the 19th, a. ni., in western Kentucky ; 13tli, a. m., in 
Illinois and Missouri, but by the l.ith, a. ni., in Maryland 
and New Jersey, having been reinforced by an additional 
inflow from the Atlantic Ocean. The center now moved 
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southwest into Virginia, and by the 16th, a. m., was again in  
South Carolina. 

VI1.-This appeared on the 12th, a. m., in Oregon, moved 
very slowly eastward, and was in Montana on the 15th, a. 111.: 
at which time the ridge of high pressure stretched from Al- 
berta to the Gulf of Mexico and the south Atlantic States, 
No. VI1 represents the northern end of this ridge, which was 
soon separated from the southeastern portion and moved 
eastward into Manitoba as a separate area of high pressure. 
During the 17th and 18th this area moved eastward and dis- 
appeared in Ontario. 

V11I.-Thi~ number is given to the high pressure along 
the Atlantic coast, due to the westward movement of the At- 
lantic area of high pressure. The principal encroachmente 
of this area may be catalogued as follows: 6th, a. m., a t  Ju- 
piter, 30.12; Sth, a. m., Charleston and Savannah, 30.16; 
gth, a. m., Augusta, 30.26; loth, a. m., Cape Hatteras, 30.34; 
12th, a..m., Augusta, 30.28; 14th, a. ni., New York and Block 
Island, 80.32; Mth, a. m., Cape Hatteras, 30.18 to Jupiter, 
30.16; 20th, a. m., Hatteras to Savannah, 30.35; and so con- 
tinued, with little change, until the 25t11, a. m., after which 
pressure was generally low on the Atlantic coast, while it rose 
in the interior and Rocky Mountain ,plateau region, hut on 
the 39th, a. m., it was a.gain high (30.34) in Nova Scotia and 
Newfoundland. 

1X.-This appeared suddenly on the 23d, p. m., a t  the 
mouth of the St. Lawrence, moving rapidly southward in the 
rear of a depression ( S I )  that was moving eastwa.rd over the 
Gulf of St. Lawrence. It was central off the coast of Nova 
Scotia on the 94th, a. m., after which it stre.tchec1 southwest 
and merged into the Atlantic low. In  connection with the 
rising pressure, high nort.hea.st winds occurred at  const sta- 
tions, and a t  10.30 a. m. northeast storm signals were ordered 
for Narragansett and Woods Holl sections. 

LOW AREAS. 

The month of June has been marked by the appearance of 
a number of ill-defined and minor areas of low pressure in 
addition to a few that developed into important storms. It 
is believed that all depressions that are marked ‘& Low ” on the 
Daily Weather Map have been included in the following list : 

1.-This depression appeared on the lst, a. ni., east of south- 
ern Florida, and after moving westward apparently disap- 
peared over that  peninsula on the Bd, p. m. 

11.-This was a continuation of No. SI1 of the month of 
May: On the lst, a. m., it was central in Montreal, and after 
moving westward it turned eastward and finally disappea,red 
on the 4th, p. m., over the Gulf of St. Lawrence. 

In  connection with low area No. I1 the following wind 
signals were ordered: lst, 10.30 a. m., Portland. Me., to 
Sandy Hook, change to northwest : 9.30 a. iii., Buffalo, cau- 
tionary southwest; 11.30 a. m., Lake Huron and Sault Ste. 
Marie, cautionary southwest; 2d,9.30 a. m., Buffalo, continue 
cautionary southwest. 

111.-This was the southern end of a depression nioving 
southeastward into Oregon. The central lowest pressure was, 
on the 3d, a. m., in Oregon, but on the 3d, p. m., in British 
Columbia, and from the 3d to the 7th this depression extended 
as a long trough north and south, with one or more ill-defined 
centers. By the 8th, p. m., it had become central in Mani- 
toba, and a steady inflow of cold air from the southwest pre- 
vailed over the Pacific coast and Rocky Mountain regions. 
The map of the 9th, a. m., showed the isobars again stretching 
rapidly southeastward into Nebraska, with high winds and 
rains to the westward, but on the 9th, p. m., the center was 
again in Manitoba, after which it disappeared from .our 
weather map, apparently by merging into No. VII. 

In  connection with ‘low area No. I11 the following wind 
signals were ordered : Sth, 11 p. ni., Red Wing, storm south- 

east; 9th, 10.45 p. m., Red Wing and Duluth to Alpena, 
cautionary southeast; loth, 11.16 p. m., Corpus Christi, storm 
sout,heast ; 10.20 p. m., Red Wing, cautionary southeast. 

1V.-This depression appeared on the lst, a. ni., in Sas- 
katchewan, moved southeastward, and disappeared on the lst, 
p. m., in Manitoba. 

V.-This appeared on the 6th, a. m., in North Carolina, 
llloved eastward, and disappeared on the 6th, p. m., o b  that 
coast. 

VI.-After low area No. I1 passed over the Gulf of 8t. 
Lawrence on the 4th, pressure continued low in that region 
until the 7tl1, and. in fact it was low during that period from 
Newfoundland westward to the Rocky Mountains. On the 
7th pressure fell rapidly in Nova Scotia, New Brunswick, and 
Newfoundland, and the p. m. map seems to show a hurricane 
developing east of Nova Scotia and central in about N. 440, 
W. 5 9 O  ; but this must have nioved northward and broken up 
over Newfonndla.ud on the 8th and 9th, leaving a depression 
that is numbered VI, whose lower edge was a t  the mouth of 
the St. Lawrence on the 8th, p. m., and which, moving east- 
ward, disappeared on the loth, a. m., over Newfoundland. 
These depressions were undoubtedly only subsidiary features 
on the southern side of the more extensive depression that 
apparently prevailed froni Montana and Alberta eastward 
to Labrador and Iceland, and subsequently moved southeast- 
n.ard over European Russia. 

In  connection with low area No. VI the following wind 
signals were ordered : 7th, 10 a. m., Port Huron, cautionary 
southwest,; 10 a. ni., Alpena and Sault Ste. Marie, cautionary 
northwest; 11 p. m., Red Wing and Duluth, cautionary south- 
east. 

VII.-ThiH number is given to the low pressure that occa- 
sionally stretches northwa,rd over Arizona towa.rd Oregon. 
The principal minima of the month a t  Tuma were as follows : 
2rl, p. in., 89.75, at. \vhich time low No. I11 was simultaneously 
stretching sout.hward from British Columbia ; 4th, p. m., 
29.73, a t  which time low No. I11 was still central in Alberta; 
10th, p. in., 29.53, a t  which time low No. I11 had disappeared 
in the neighborhood of Hudson Bay, while low No. VI1 was 
central in Assiniboia, and low pressure prevailed from Sas- 
htchewnn to the Gulf of California, with high pressure over 
the sout-li Atlantic States and the coast of northern Cali- 
fornia.; lSth, p. m., 29.70, a t  which time the trough of low 
pressure had stretched northward from the Gulf of California 
to Oregon and beyond ; Yst, p. in., 99.69, a t  which time thie 
same pressure also prevailed a t  Tucson, and an extensive 
depression covered the plateau region from Mexico north- 
ward to Alberta ; 26th, p. m., 99.73, a t  this time the Gulf of 
California formed the southern limit of a depression that 
covered the entire region between the western slope of the 
Rocky Mountains, the eastern slope of the Alleghenies, Mexico 
on the south, and Hudson Bay on the north; 30th, p. m., 
29.73, a t  which time also areas of low pressure occupied the 
greater part of the region just indicated. 

It is difficult to determine to what extent the low pressures 
in the Rocky Mountain and plateau regions must be con- 
aidered as an apparent result of the reduction to sea level 
and to what extent a deficit of pressure really exists. It is 
Evident from the direction of the wind that a small deficit 
must exist and would be shown even if observations were a13 
reduced to a uniform level of 5,000 feet instead of sea level. 
I t  is, however, not neccessary to assume that this large area 
of low pressure within the North American Continent is a 
simple static result of the rarityof the heated air; on the 
:ont,rary, numerous areas of high pressure pass over the con- 
tinent acconipanied by the highest temperatures, and it is 
avident that these high temperatures are the direct result of 
the more rapid descent and the warming by compression of 
the air in the neighborhood of the highest pressure. These 
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areas of high pressure, therefore, represent the region's in 
which the overflow from the tropical and equatorial regions 
descends to the earth's surface a t  higher latitudes. The 
effect of high temperature and rarified air over the interior 
of the continent is to diminish the tendency of areas of high 
pressures to descend into this region, and when they do 
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and was probably broken up and merged into the general de- 
pression of that region. 

XIV.-This appeared as a low pressure in western Kansas 
on the 21st, a. ni., and may be considered as due to the cy- 
clonic circulation of the winds on and at  a slight elevation 
above tlie earth's surface; but this was not sufficiently de- 
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the corresponding zone in winter time. 
general distinction between tropic and teniperat,e climates, a8 
shown in the diagram on D. 262. Am. Met. Journ., 1592, Vol.rm. 

Thi8 is a part of the ,  

VII1.-This Gas central on the 9t.h, p. in., in Alberta, hav- 
ing undoubtedly moved southeastward from British Colunibin 
or Alaska while high No. I11 was approaching the coast of Cal- 
ifornia and Oregon. In  connection with low No. I11 there 
was maintained an extensive depression in the interior of the 
country until the 13th, at which tinie this central depression 
disappeared in western Nebraska. I ts  shape was generally 
that of a long trough, stretching north and south, whose cen- 
tral lowest pressure rapidly changed its position from one end 
to the other. High southeasterly winds usually prevailed on 
the easterly side of this trough and northerly minds on its 
west side, and the highest temperatures of the month occurred 
in Illinois, Wisconsin, and North Dakota on the 13th to the 
14th in connection with these winds. 

1X.-This depression appeared on the niap of the loth, 1). 
m., a t  which tinie it was central in Maine, but i t  moved rap- 
idly eastward or was broken up and merged into No. VI. 

X.-This was central in Manitoba on the 14tli, a. m., and 
apparently represents the northern end of the trough No. 
VIII, and was at the same time on the eonthem border of a 
low area extending further northward. After a little delay it 
moved rapidly eastward and disappeared over Newfoundland 
on the 17th. 

XI.-This was central on the 16th, a. m., in eastern Ne- 
braska, and after moving a little to the south, turned north- 
eastward, passing over Lake Michigan on the 17th, and finally 
disappearing on the 19th in lower Canada. 

In  connection with low area No. SI the following wind sig- 
nals were ordered: 17th, 10.30 p. m., Milwaukee, Chicago, 
Grand Haven, and Green Bay, storm northwest; 10.80 p. ni., 
Alpena, storm northeast; 10.20 p. m., Port Huron, storm 
southeast; 18th, 12.10 p. ni., lakes Erie and Ontario, caution- 
ary southwest; 19th, 10.30 p. ni., Duluth and Red Wing, 
storm southeast. 

XI1.-On the 16th, a. ni., an area of low pressure existed in 
Nevada as a portion of a trough reaching northward into 
British Columbia. On the 16th, p. m., pressure was lowest 
in Alberta, but on the 17th, a. m., in Washington and Alber- 
ta. The center of this extensive depression appears to have 
first become visible as it moved southeastward on the 17th, p. 
m., in Alberta; it now moved eastward on the northern bor- 
der of our stations, until on the 19th, a. m., a more important 
secondary (XIII)  was formed in Wyoming, a t  the southern 
border of its trough-like extension. 

XII1.-This was central in Wyoming on the 19th, a. ni. It 
moved from north to northeast, reaching Manitoba on the 
2Oth, p. m., and accompanied by severe local storms. It ap- 
peared then to have passed northward beyond our stations, 

about. irregularly, disappeared in Colorado on the 24th, p. m. 
SVI1.-Appeared on the 234 p. ni., in Alberta and was ap- 

parent-ly the west,ern pmt of the general depression of the in- 
terior. RY the 25t-li. a. m.. it had advanced eastward into 
Mniiitoba,"after which i t  disappeared. 

XVII1.-This appeared on the 24th, p. m., north of Lake 
Buperior and was apparently the eastern end of the general 
depression that included Nos. S V I I  and XVIII. After mov- 
ing Past, i t  turned northeast and disappeared on the 25th, p. 
in., iienr the mouth of the St. Lawrence. 

SIX-This appeared in Athabasca on the 26th, a. m., and 
after moving southward into Alberta, it disappeared on the 
27th. a. m., in Saskatchewan. 

SI.-This was the trough that,, on the 26th, p. m., con- 
nected No. S I X  and No. VII. It, was a t  that tinie central in 
Colorado. The S'Tth, p. in.. it had moved into the southern 
portion of Minnesota and extended as a trough northward 
through Manitoba. On the BSth, a. ni., it was central in 
Manitoba, after which i t  moved north and east beyond our 
stations and disappeared on the 30th, p. ni. in Labrador. 

In  connection with low area No. XS the following wind 
signals were ordered : Stth, 10.30 p. ni., Red Wing, lakes Hu- 
ron, Michigan, and Superior, storm southeast; 28th, 10.26 a. 
m., Lake Erie, storm southeast; 10 a. m., Chicago and Mil- 
waukee, change to storm southwest; 6.30 p. m., Milwaukee 
section, Green Bay and section, Grand Haven and section, 
Mackinaw section, Lake Huron, Marquette, Sault Ste. Marie, 
and Houghton section, change to storm southwest; 6.30 p. 
ni., Duluth and Ashland section, change to storm northwest. 

XS1.-This appeared on the 28th, a. m., off the coast of 
Maine, but disappeared without any further development. 

XSI1.-This appeared on the 28th, p. m., in Alberta as the 
eastern end of No. XX, which was then north of Lake Supe- 
rior. It continued on the northern border of our stations and 
was central north of Manitoba on the 30th, p.. m. 

SSII1.-This was central in northern Flonda on the 29th, 
p. m. It moved southeastward over the peninsula and disap- 
peared on the 30th. 

In  connection with low area No. XXIII the following wind 
signal was ordered : 30th, 6 p. m., Charleston, storm north- 
east. 

XX1V.-This appeared on the 2Sth, p. m., in Alberta and 
Athabasca, forming part of the general depression that ex- 
tended southward to Mexico and northward to Hudson Bay. 
By the 30th, p. m., this depression was central in northern 
Manitoba, with a subsidiary low in eagtern Nebraska and Ar- 
izona, while high pressures prevailed in Washington and near 
Newfoundland. The general distribution of pressure was, 
therefore, a t  this time very characteristic of this month, viz, 
high on the Atlantic and Pacific coasts, but low in the inte- 
rior, with several special depressions. 


